THE INFLUENCE OF LIGHT ON THE REACTION TO INFECTION IN EXPERIMENTAL SYPHILIS by Brown, Wade H. & Pearce, Louise
THE  INFLUENCE  OF  LIGHT  ON  THE  REACTION  TO 
INFECTION  IN  EXPERIMENTAL  SYPHILIS. 
BY WADE H, BROWN, M.D., AND LOUISE PEARCE, M.D. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 
(Received for publication, November 17, 1926.) 
The occurrence of wide variations in the character and course of the 
disease produced  in  rabbits  by  inoculation with  a  given  strain  of 
Treponema pallidum was recognized long  since by us  as  one of  the 
outstanding  features  of  the  experimental  infection  and  we  have 
emphasized the fact that the more decided variations show a tendency 
to a  seasonal periodicity with the occurrence of periods of maximum 
severity at some  time  during  the  spring  and  fall (1,  2).  A  survey 
of available data bearing on this subject seemed to indicate a relation 
between  the course of infection and prevailing meteorological condi- 
tions  (3).  This was particularly true of sunlight expressed in terms 
of the hours of sunshine over a given period of time.  But, the data at 
hand were not sufficient to indicate the precise nature of the relation 
that obtained or  to  warrant a  definite conclusion  as to  the relative 
importance of the several factors that might be concerned in the pro- 
duction of these effects.  It seemed, however, that we had to deal with 
a general rather than a  specific problem, or, that the effects noted in 
the  case  of  syphilis  were incidental  to  the  occurrence of  profound 
changes in the animal organism, influenced in some way by physical 
environment  (3). 
With a view to obtaining further information on this subject, several 
lines  of  investigations  were  undertaken.  One  of  these  was  a  sys- 
tematic study of the normal animal organism in relation to physical 
environment; another assumed the direction of consecutive observa- 
tions on  the  course of syphilitic infections in  comparable groups of 
animals over long periods of time, while a third series of investigations 
was concerned with direct tests of the effects of physical influences on 
the reaction to infection.  Some of the results of these investigations 
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have  been  reported  (4,  5).  The  object  of  the  present  paper  is  to 
report the results of a  series of experiments dealing with the influence 
of  light  on  the  reaction  to  syphilitic  infection.  These  experiments 
were  undertaken  for  the  PUrpose  of  determining,  first,  whether  the 
course of disease could be influenced by variations in the light environ- 
ment  of  animals,  comparable  to  those  that  occur  in  consequence  of 
changes in season or weather, and, second, something as to the nature 
of the 'effects that  might be produced  by changes in  environment or 
conditions of this general order.  We were, of course,  concerned with 
conditions that might prove to be favorable or unfavorable, but in this 
instance  no  effort was made  to  adjust  experimental conditions  from 
this point of view lest by so doing,  we might defeat the main object 
of the experiments.  The indications  were that at the outset extreme 
conditions should be employed. 
EXPERIMENTAL. 
Methods and Material. 
The results to be reported represent a comparison of the course of infection in 
three groups of rabbits living under conditions  which,  as far as possible,  differed 
only with respect to their light environment.  One group of animals, which may be 
designated as the controls,  was kept in a well lighted, well ventilated room with 
a southern exposure.  The temperature of the room was automatically regulated 
and maintained at a level of 70  ° to 75°F. while the humidity varied with that of the 
outside air.  The light received by these animals was sunlight which for the most 
part was filtered through window glass; the amount  and quality of the right were 
determined by natural circumstances. 
A second group of rabbits was kept in a room from which  all  sunlight  was ex- 
cluded; otherwise,  the conditions  were the same as those of the first room.  These 
animals rived in total darkness except for a brief period each day  when it was 
necessary to use a  small Mazda lamp while cleaning cages, feeding, and carrying 
out routine examinations.  For convenience these animals will be referred to as 
the dark group. 
The third group of animals, which may be designated  as the light group, was 
kept in  a  room similar to  the  others with  sunlight  excluded.  This room was 
lighted continuously by 13  Cooper Hewitt, low pressure, mercury are  rights in 
crown glass (Type P, 50  inches long).  The right supplied by these lamps has a 
wave-length ranging from 3022 to 5790/~ngstrtim  units with the greatest concen- 
tration between 3650 and 5790.  The lamps were mounted on a  rectangular frame 
extending down the middle of the room and were distributed so as to equalize  the 
light which reached cages in a plane  parallel with  the  frame on each side of the WADE  H. BROWN  AND  LOUISE  PEARCE  499 
room at a distance of approximately 3½ feet.  With this arrangement of lights, an 
illumination was maintained which amounted on an average to 200 foot candles, 
being slightly higher opposite the center of the frame than elsewhere.  To insure 
proper  ventilation and as an aid in controlling the temperature, a special system 
of ventilation was used in this room. 
The conditions compared were,  therefore,  (1)  intermittent  and  irregular  ex- 
posure to diffuse,  filtered sunlight of variable quality and intensity,  (2) complete 
exclusion of light, and (3) continuous exposure to artificial light of a given quality 
and intensity. 
Three experiments were carried out for the purpose  of determining the effects 
of these  conditions  on  the  reaction  of rabbits  to syphilitic infection.  In each 
case,  30  male  rabbits  were  used.  They  were  placed  in  individual  cages  and 
divided into three groups of 10 animals each, as nearly comparable as possible with 
respect to age, breed, and weight.  The stipulated conditions of the experiments 
differed in only one respect, namely, the length of time animals were kept under the 
conditions described prior to inoculation.  In the first experiment, the period was 
2 weeks, in the second 4 weeks, and in the third 6 weeks.  There were, in addition, 
differences referable  to conditions that prevailed  at the time successive experi- 
ments were carried out.  These are of especial interest  in connection with  the 
results obtained in control animals.  It is sufficient to say that the first group of 
animals  was inoculated in October,  the second in November, and  the third in 
December,  1925.  The period covered by the three experiments was,  therefore, 
from October 1, 1925, to April 9, 1926. 
All animals were inoculated in one testicle with the Nichols strain of Treponeraa 
pallidum.  The emulsions used were prepared  from actively growing tesficular 
lesions  and  contained  from  1 to 3  spirochetes  to the  microscopic field.  Each 
animal received 0.2 to 0.3 cc. of the emulsion, the exact amount depending upon 
the spirochetal content.  Animals in a given experiment received equal  amounts 
of the same emulsion and the order of inoculation was the same in all cases,  name- 
ly, controls, light, dark. 
The period of observation following inoculation was 4 months, giving a  total 
period of observation of 4½, 5, and 5½ months respectively for the first, second, 
and third experiments. 
In these experiments, special attention was given to the time and frequency of 
occurrence and to the duration of successive phases of the reaction to infection 
with a view to reducing the comparison of results to as accurate a basis of quantita- 
tive measurement as possible.  The particular conditions chosen for comparison 
were, (1) the incubation period of primary lesions,  (2) the time and frequency of 
occurrence of a  critical edema in  the inoculated testicle,  (3)  the time and  fre- 
quency of occurrence of lesions in the uninoculated testicle (metastatic orchitis), 
(4) the time and frequency of occurrence of generalized lesions in the skin and mu- 
cous membranes, bones, or eyes, (5)  the number of loci affected by such lesions, 
and  (6)  the proportion  of animals  that  showed complete healing of all  lesions 
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For the most part, the methods employed in recording results (Tables I and II 
and Text-figs.  1 and 2)  require no explanation.  The term "focal distribution" 
or "focal incidence" as applied to generalized  lesions refers to the number of dis- 
crete loci at which lesions developed as determined by actual count.  The figures 
for actual distribution are the mean values for those animals of a group that ac- 
tually developed generalized lesions while the figures for relative distribution give 
the results in  terms of the entire group.  This distinction  is made in  order to 
permit comparisons of the extent  of the lesions  irrespective of the number of 
animals affected and at the same time to avoid any erroneous impression  that 
might arise from the chance occurrence of an occasional case of severe syphilis in 
any group of animals. 
In Table I and Text-figs.  1 and 2 the results for focal distribution are given in 
absolute numbers; all other results are in per cent. 
Results. 
The  results  of  the  experiments  are  recorded  in  Tables  I  and  II, 
and  Text-figs.  1  and  2.  It  will  be  noted  that  the  figures  given  in 
Tables I  and II represent group values; the detailed results are given 
in  Text-fig,  1  which  shows  the  entire  sequence  of  events  from  the 
occurrence of the  first primary lesion  to  the  development of the  last 
generalized  lesion. TABLE  I. 
Incidence of Various Phenomena of Infection and Focal Distribution of Generalized 
Lesions Actual (F. D. Act.) and Relative (F. D. Rel.). 
Exp. 
I  C.. 
D. 
L. 
II  C. 
D. 
L.* 
III  C. 
D. 
L. 
Mean values  C. 
D. 
L. 
Primary 
lesions 
per cent 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
Edema of  Metastatic 
inoculated 
testicle  orchitis 
per cent  per cent 
40.0  100.0 
60.0  100.0 
90.0  80.0 
30.0  100.0 
70.0  90.0 
77.7  88.8 
40.0  100.0 
70.0  100.0 
80.0  70.0 
36.6  100.0 
66.6  96.6 
82.5  79.6 
Generalized lesions 
Incidence 
per cent 
80.0 
100.0 
70.0 
70.0 
80.O 
77.7 
70.0 
100.0 
50.0 
73.3 
93.3 
65.9 
Focal 
distribution 
actua/ 
8.0 
5.3 
3.6 
4.1 
5.0 
2.3 
4.1 
5.3 
4.8 
5.4 
5.2 
3.6 
Focal 
distribution 
relatlte 
6.4 
5.3 
2.5 
2.9 
4.0 
1.6 
2.9 
5.3 
2.4 
4.1 
4.9 
2.2 
* One animal in this group died at the beginning of the experiment; there was 
also 1 death in the control group and 1 in the dark at the termination of the first 
experiment. 
TABLE  II. 
Mean  Time  of Occurrence of Various Phenomena of Infection Estimated in Days 
from the Date of Inoculation. 
Exp. 
I  C. 
D. 
L. 
II  C. 
D. 
L. 
III  C. 
D. 
L. 
Mean values  C. 
D. 
L. 
Incubat~n 
days 
12.6 
12.4 
13.0 
16.1 
12.8 
14.4 
18.1 
11.3 
15.2 
15.6 
12.2 
14.2 
Edema 
days 
21.5 
26.6 
27.2 
33.7 
30.0 
34.6 
28.8 
29.3 
25.4 
28.0 
28.6 
29.1 
Metastatic 
orchids 
days 
41.0 
42.7 
36.4 
45.8 
46.6 
46.3 
39.6 
45.3 
50.1 
42.1 
44.9 
44.2 
Generalized lesions 
First 
days 
54.9 
53.9 
58.8 
55.0 
59.5 
63.9 
63.7 
53.1 
56.2 
57.9 
55.5 
59.6 
Last  Mean of 
all 
days  days 
82.4  65.5 
76.4  60.4 
73.4  65.2 
70.3  69.4 
84.1  67.1 
66.4  63.1 
72.4  65.0 
72.4  61.1 
65.0  61.1 
i 
I  75.0  66.6 
77.6  62.9 
68.3  63.1 
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DISCUSSION  AND  CONCLUSIONS. 
In  analyzing  the  results  of  the experiments,  the  most  important 
point to be determined is whether the light environment of the three 
groups of animals produced any significant difference in their reaction 
to infection.  The effect of any particular  condition on the course of 
disease  is  of  subsidiary  importance.  The  simplest  method  of  ap- 
proacMng tMs problem is by a  comparison of the results obtained for 
various reactive phenomena in the order of their occurrence, bearing 
in mind the relations that obtain and the general principles that govern 
the evolution of syphilitic infections  (6).  1  Moreover, the discussion 
may be limited almost entirely to a  consideration of values obtained 
for group means as the results given by a  more detailed  analysis of 
the behavior of individual animals or a  consideration of the character 
of the lesions produced lead to exactly the same conclusions. 
Dwidence of Primary  Lesions and Length of Incubation Period.- 
All animals in these experiments developed primary lesions but there 
were some suggestive differences in the incubation period.  In the first 
experiment  (Table  II,  and  Text-fig.  1),  the  incubation  period  was 
essentially the same for all three groups of animals with the controls 
occupying  a  position  intermediate  between  those  in  the  light  and 
those in the dark.  In the second and third experiments,  the controls 
showed  a  progressive  prolongation  of  the  incubation  period  which 
amounted  to  approximately  40  per  cent.  The  animals  exposed  to 
artificial  light  displayed a  similar  tendency but  the  differences were 
less.  In  the case of the  animals in  the dark,  the  incubation  period 
was  remarkably  constant  and  such  differences  as  occurred  were  in 
the direction  of a  reduction  rather  than  a  prolongation  of the  time. 
Combined  results  for  the  three  experiments,  with  an  average  of 
15.6  days for the  controls,  14.2  for the  light,  and  12.2  days for the 
dark group, give a fair index of the promptness of the primary reaction 
to infection in the three groups of animals. 
t In addition to  the relations that are discussed in  the paper referred to  (6), 
it should be noted that there is a basic tendency to the preservation of a uniform 
interval of time between the occurrence of successive reactions in syphilitic rab- 
bits.  With highly virulent strains of Treponema pallidum the interval, or reaction 
time, is approximately 2 weeks and  any decided departure from this basic value 
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Critical Edema.--The occurrence of a critical edema in an inoculated 
testicle or in  association  with  any other  syphilitic lesion  is  a  very 
variable  but  highly  significant phenomenon.  It  is indicative of an 
intense reaction and usually marks the termination of a local reaction, 
either temporary or final (7). 
In  the present  instance,  there was  a  very striking  and  constant 
difference in  the  frequency with which edema occurred in  the three 
groups of rabbits.  The differences are well represented by the com- 
bined  results  for  the  three  experiments which give  36.6,  66.6,  and 
82.5  per cent respectively for the control, dark,  and light groups. 
The figures given in Table II indicate a closer agreement with respect 
to  the time at which the edema occurred.  In the case of both  the 
control and light  groups,  the interval  between inoculation  and  the 
development of edema varied considerably from one  experiment to 
another but remained fairly constant for animals in the dark.  If, for 
the purpose of measuring the progress of the reaction,  the time, in 
days, is estimated from the appearance of the primary lesions, instead 
of the date of inoculation, the results are slightly different: 
Exp.  I. 
"  II. 
"  lII. 
]V~eall.. 
Control 
8.9 
17.6 
10.7 
12.4 
Dark 
14.2 
17.2 
18.0 
16.5 
Light 
14.2 
20.2 
10.2 
14.9 
Still, these figures, as well as those given in Table II, are somewhat 
misleading.  By reference to Text-fig. 1, it will be seen that, with the 
the exception of 1  animal each in  the light  and dark groups of the 
second experiment and  1 in the dark group of the third experiment, 
the  time  of  occurrence of  edema in  individual  animals  was  fairly 
uniform.  The delay in the occurrence of the reaction in the 3 animals 
referred to  overshadows  the  group  tendency so  that  if  the  figures 
are corrected by the omission of these animals, we obtain the following 
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From Inoculation. 
Exp.  I ..................... 
"  II.. 
"  III.. 
Mean. 
Control 
21.5 
33.7 
28.8 
28.0 
Dark 
26.6 
26.0 
25.5 
26.0 
Light 
27.2 
28.5 
25.4 
27.0 
From Incubation. 
Exp.  I 
"  II ..... 
"  III  ..... 
Mean. 
Control 
8.9 
17.6 
10.7 
12.4 
Dark 
14.2 
13.2 
14.2 
13.9 
Light 
14.2 
14.1 
10.3 
12.9 
A comparison of results on this basis shows a remarkable constancy 
in the occurrence of edema among the animals in the light, as well as 
those in the dark, with a possible tendency toward a shortening of the 
reaction time.  The differences in mean time for the three experiments 
are comparatively slight, but they are of interest as measures of the 
progress of the reaction to infection.  For example, it will be  noted 
that  the  time  from inoculation  to  the  occurrence  of  edema  in  the 
animals in the dark was shorter than in the controls or the light group, 
due largely to differences in the incubation period, whereas the time 
from the development of primary lesions  was longer.  These differ- 
ences  are  suggestive of  differences in  the  efficiency of  the  reactive 
mechanism which  become  more  apparent  in  subsequent  reactions. 
The  most  important  points  brought  out  by  the  analysis of  the 
results with respect to the occurrence of a  critical edema, are, there- 
fore,  the  high incidence of  edema  and  the  constant  time  relations 
shown by both the animals in the dark and those in the light as com- 
pared with the much lower incidence and irregular reaction time of 
the controls. 
Metastatic Orchitis.--The development of lesions in an uninoculated 
testicle occurs with such regularity in rabbits  infected with  virulent 
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may be regarded as evidence of an unusually effective suppression  of 
the infection by some  preceding reaction.  Variations in the time of 
development of metastatic lesions are apt to occur and in general the 
time of occurrence bears a direct relation to the efficiency of preceding 
reactions. 
The outstanding feature of the results as regards the occurrence of 
metastatic orchitis is the diminished frequency of such lesions in the 
light animals as compared with the two other groups (Table I).  This 
variation from the expected course occurred in all three experiments 
but was most decided among those animals that had been exposed to 
artificial light for the longest time. 
The time relations of the reaction are more  difficult to interpret. 
The mean values for the three experiments (Table II)  show a  com- 
paratively close agreement despite the differences obtained in the first 
and third experiments and the very irregular development of lesions 
shown by all groups of animals in the second experiment (see Text- 
fig. 1). 
The situation is  clarified somewhat  by comparing time intervals 
(in days) from the development of primary to metastatic lesions  and 
from the occurrence of edema to metastatic orchitis as follows: 
From Development of Primary Lesions. 
Exp.  I ..................... 
"  II ..................... 
"  III ..................... 
Control 
28.4 
29.7 
21.5 
Dark 
30.3 
33.8 
34.0 
Light 
23.4 
31.9 
34.9 
Mean .....................  26.5  32.7  30.1 
From Occurrence of Edema. 
Control 
Exp.  I. 
"  II. 
"  III. 
19.5 
12.1 
10.8 
Dark  Light 
16.1  9.2 
16.6  11.7 
16.0  24.7 
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This analysis shows that as we narrow down our basis of reckoning 
from the rather remote event of inoculation to the occurrence of the 
reaction immediately preceding the development of metastatic orchitis, 
relations that are more or less obscure become cldearly defined.  It is 
at once apparent that conditions that determined the time of develop- 
ment of metastatic orchitis were not the same in any two groups of 
animals.  The light group and the controls are diametrically opposed 
whereas  the anlmals in  the dark maintain  a  constant relation from 
one experiment to  another just  as  they did in  the development of 
primary lesions  and  edema.  In  view of  what  has  been  said  with 
respect to  the significance of the time relations of the reaction, it is 
important to note that the animals exposed to artificial light showed a 
progressive prolongation of the reaction time. 
Generalized Lesions.--The occurrence or non-occurrence of general- 
ized lesions, the Character and extent of the lesions, the time of their 
appearance,  the duration of the period of active development, and 
the  persistence  of  the  lesions  afford  the  most  acceptable  basis  for 
estimating the effectiveness of the reaction to  syphilitic infection in 
the rabbit.  As is well known, the course of disease is subject to wide 
variation  in  all  of  these  respects,  but,  as  a  rule,  is  comparatively 
constant under a given set of conditions. 
With  respect  to  the incidence of generalized syphilis,  the figures 
given in Table I  show that the condition was definitely more frequent 
among the animals in the dark and slightly less frequent among those 
in the light than among the controls.  It will be noted, however,that 
there  were  fewer  cases  of  generalized  syphilis  among  the  control 
animals of the second and third experiments than in the first and a 
marked reduction in  the number of loci affected (focal distribution, 
Table  I).  The animals in  the light  also  showed a  reduction in  the 
incidence and distribution of lesions which followed a slightly different 
order but those in  the  dark  showed very little  variation in either of 
these  respects.  The  relations  that  obtained  are  shown  graphically 
in Text-fig. 2. 
The  apparent  reduction in  the incidence and  distribution  figures 
for the dark group of animals in  the second experiment is probably 
due to a change in the character of the lesions.  In the first experiment, 
the majority of lesions in all  three groups of animals were compara- 
tively large  and  of  a  destructive  character.  This  was  especially WADE  H.  BROWN  AND  LOUISE  PEARCE  509 
true of controls and  of  animals  in  the  dark,  and  in  both  of  these 
groups  there  were  several  cases  of  unusually  severe  generalized 
syphilis.  Among_  the light animals, however, the lesions were smaller, 
less destructive, and of shorter duration. 
There was no material  change in  the  character  of the lesions pre- 
sented by animals of the control and light  groups in  the  second and 
third  experiments.  Among  the  animals  in  the  dark,  however,  the 
character of the disease changed.  The first lesions tended to be small 
and  of  short  duration,  but  were prone  to  relapse  and  some  of  the 
recurrent lesions attained a large size.  This peculiarity of the reaction 
was at first confusing and, in the second  experiment, it was not until 
some of the lesions had recurred a second or perhaps a third  time  that 
the significance of  the condition was fully appreciated and  a  definite 
diagnosis of generalized syphilis was made.  It is probable, therefore, 
that  the  incidence  and  distribution  figures  for  these  animals  in  the 
second experiment  are  too low and it is certain  that  the  time given 
for  the occurrence of the  first generalized  lesions is too long;  hence, 
some allowance should be made for this error in the calculations which 
involve  the  time  of  occurrence  of  these  lesions.  The  values  given 
for the  third  experiment are little if at all affected by this factor. 
The time relations of  the reaction  to generalized  infection may be 
viewed in a  number of ways.  The figures given in Table II show no 
striking difference in the time from inoculation to the development of 
generalized  lesions  in  the  three  groups  of  animals.  The  relations 
change from one experiment to another,  but one is impressed chiefly 
by the closeness of the agreement and the narrow limits of variation. 
The  mean  results  for  the  three  experiments  suggest  a  precocious 
development of lesions among  the  animals  in  the  dark  and perhaps 
a  retarded development in the light group if we consider the time at 
which  the first  generalized  lesions appeared,  that is the onset of the 
generalized  reaction,  as shown by the following tabulation: 
Exp.  I ..................... 
"  II .................... 
"  III .................... 
Control 
54.9 
55.0 
63.7 
Dark 
53.9 
59.5 
53.1 
Light 
58.8 
63.9 
56.2 
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If we take the mean time of development of all generalized lesions, the 
situation is slightly different.  The results in this case are  as  follows: 
Exp.  I. 
"  II ...... 
"  III. 
Mean. 
Control 
65.5 
69.4 
65.0 
66.6 
Dark 
60.4 
67.1 
61.1 
62.9 
Light 
65.2 
63.1 
61.1 
63.1 
Considered from this point of view there is a suggestion that general- 
ized lesions developed earlier on the whole in both the dark and light 
groups than in the controls. 
The  results  as  to  the  duration  of  the  period  of  active  secondary 
eruption  are more  conclusive.  The mean  time of appearance of the 
last lesions in each animal was as follows: 
Exp.  I .....................  Control82.4 
"  II .....................  ]  70.3 
"  III .....................  [  72.4 
Mean  .....................  [ 
Dark 
76.4 
84.1 
72.4 
Light 
73.4 
66.4 
65.0 
75.0  77.6  68.3 
This  definitely  indicates  an  earlier  termination  of  the  period  of 
secondary reaction in  the animals  of the light  group  and  a  probable 
prolongation  of  the  period  in  the  dark  group.  Greater  differences 
are shown,  however, by a  comparison of the mean  time between the 
development of the first and the last lesions in all animals of the three 
groups as indicated below: 
Exp.  I 
"  II ..... 
"  III. 
Mean. 
Control 
27.5 
15.3 
8.7 
17.2 
Dark 
22.5 
24.6 
19.3 
22.1 
Light 
14.6 
2.5 
8.8 
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These figures show not only a difference in the character of the reac- 
tion, but they furnish an excellent index of the efficiency  of the reaction 
developed by the three groups of animals. 
There is one other comparison that may be made for the purpose 
of  bringing  out  an  important  relation  between  the  occurrence of 
generalized  lesions  and  metastatic  orchitis.  The  time  interval 
between these  reactions may be  estimated from  the  appearance of 
the  first  generalized lesions or  from  the mean  time  for  all  lesions. 
The respective results are: 
From Metastatic Orchitis to Time of First Generalized Lesions. 
Exp.  I ..................... 
"  II ..................... 
"  III ..................... 
Mean ..................... 
Control 
13.9 
9.2 
24.1 
15.7 
Dark 
11.2 
12.9 
7.8 
10.6 
Light 
22.4 
17.6 
6.1 
15.4 
From Metastatic Orchitis to Mean Time for All Generalized Lesions. 
Exp.  I ..................... 
"  II ..................... 
"  III ..................... 
Mean  ..................... 
Control 
24.5 
23.6 
25.4 
24.5 
Dark 
17.7 
20.5 
15.8 
18.0 
Light 
28.8 
16.8 
11.0 
18.9 
The  results  obtained  by  these  comparisons  show  that,  while  in 
successive experiments the time between the occurrence of metastatic 
orchitis and the initiation of the reaction to  generalized infection in 
the  control animals  was  irregular,  the mean  time between the  two 
reactions was virtually constant.  This was not true of either of the 
experimental  groups.  The  initial  time  between  the  two  reactions 
was affected in precisely the same manner and, while from one experi- 
ment to another the animals in the dark displayed less variation than 
those in the light, both showed a progressive reduction of the reaction 
time.  That is, the longer the animals had been exposed to  a  given 
condition,  the  shorter  the  interval  between  the  development  of 
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These  results  are  of interest on  account of  their  bearing  on  the 
question of the efficiency of the reaction displayed.  In  the case of 
animals in the dark, the significance of the results is at once apparent.' 
The short interval between the development of the two sets of lesions 
was associated with a high incidence of metastatic orchltis and general- 
ized lesions  and is  to  be  regarded,  therefore, as  evidence of an in- 
effectual reaction.  But,  the  occurrence of  a  similar  reduction  in 
the reaction time of the light animals was associated with two unusual 
conditions, namely, absence of infection in the uninoculated testicle of 
some animals and delayed development of lesions in others; in addi- 
tion,  the  incidence  of  generalized lesions  was  low.  It  is  evident, 
therefore, that the efficiency  of the reaction displayed by these animals 
was of a higher order, in fact, sufficiently potent to disturb the usual 
course of events to such an extent as to cause a  gradual overlapping 
of metastatic orchitis and generalized lesions (see Text-fig. 1) but not 
sufficient to entirely prevent the occurrence of either of these condi- 
tions.  In the end, generalized lesions actually increased in proportion 
to  the  suppression  of the  reaction in  the uninoculated testicle due 
undoubtedly to the failure of the protection usually afforded by such 
reactions, hence, the reaction time in the light animals bears an inverse 
relation to the suppression of lesions in the uninoculated testicle or to 
the inhibitory effect of the reaction in the inoculated testicle. 
This result is not uncommon with strains of pcdlidum of low virulence 
but is very unusual with strains of high virulence, as under ordinary 
circumstances, the reaction in the inoculated testicle is rarely sufficient 
to prevent or materially delay the occurrence of metastatic orchitis. 
The  infection progresses  virtually  unimpeded until  lesions  develop 
in both  testicles and not until  then does the reaction become suffi- 
ciently  potent  to  prevent  the  occurrence  of  other  lesions.  It  is 
evident, therefore, that the primary reaction in the light animals was 
unusually effective and the same may be said of the secondary reaction 
as the incidence of generalized lesions was comparatively low and the 
duration of  the period of active development was unusually short. 
Recovery.--A final comparison of the behavior of the three groups 
of animals may be made on the basis of the proportion of animals of 
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within the period of 4 months' observation.  The results, expressed 
in per cent, were as follows: 
Control  Dark  Light 
Exp.  I .....................  30.0  50.0  70.0 
"  II .....................  10.0  50.0  40.0 
"  III .....................  50.0  40.0  30.0 
Mean .....................  30.0  46.6  46.6 
Here, again, we find that the results for the controls are irregular 
while those for the animals in  the dark are fairly uniform and the 
light  animals  show  a  progressive  reduction  in  the  percentage  of 
recoveries with mean values for both the Hght and dark groups that 
are higher than those for the controls.  The peculiar feature of these 
results is  the  diminishing percentage of recoveries among the  light 
animals  which  is  attributable  to  a  combination  of  circumstances 
analogous  to  those  that  were pointed out in  the  discussion  of  the 
relations between metastatic orchitis and generalized lesions;  that is, 
an  early partial suppression  of the infection with consequent delay 
in the development of full immunity. 
~ome additional evidence as to  the influence of the Hght environ- 
ment may be adduced from the records of weight which give a  fair 
index of the physical condition of the three groups of animals during 
the  period  covered  by  the  experiments.  These  results  may  be 
tabulated in the form of percentage gains in weight from the beginning 
to the conclusion of the experiments. 
',xp.  I. 
"  II. 
"  HI. 
Mean. 
Control 
21.4 
38.1 
31.2 
30.2 
Dark 
33.5 
25.6 
34.1 
31.1 
Light 
39.8 
53.9 
43.3 
45.7 
These results are of essentially the same order as those obtained for 
various  phases of the reaction to infection.  In fact,  the  resemblance 
is so close that one can hardly escape the conclusion that the two sets 
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The interpretation of results will be facilitated by calling attention 
to one other feature of the experiments, namely, the differences in the 
severity of the disease shown by control animals of the three experi- 
ments in relation to prevailing conditions of sunlight.  By reference 
to tables and text-figures, it will be seen that, in the first experiment, 
the infection was much more severe than in the second or third.  The 
comparative  results  for  incidence  and  distribution  of  generalized 
lesions were: 
Exp.  I ..................... 
"  II ..................... 
"  III ..................... 
Incidence  Actual distribution 
80.0  8.0 
70.0  4.1 
70.0  4.1 
Relative distribution 
6.4 
2.9 
2.9 
The monthly hours of sunshine  (Central Park  Observatory, New 
York)  for  the  period  immediately preceding  and  covered  by  the 
experiments were: 
August ...................... 
September .................. 
October .................... 
November  .................. 
December  .................. 
January .................... 
February ................... 
March ..................... 
April  ....................... 
Mean normal  Actual  Departure from  normal 
272.3 
230.4 
200.8 
152.6 
140.2 
139.7 
158.5 
203.7 
227.7 
316.0 
210.4 
193.3 
184.0 
168.2 
161.8 
164.3 
274.2 
280.9 
+43.7 
--20.0 
--7.5 
+31.4 
+28.0 
+22.1 
+5.8 
+70.5 
+53.2 
The points of interest brought out by these figures are,  first,  the 
marked reduction in sunshine immediately preceding and  following 
the inoculation of the first group of animals (Experiment I), second, 
the (unusually) high value for November, and, third, the maintenance 
of an almost constant and unusually high level of sunshine for the 
months of December, January, and February which covers the critical 
period of  the  second and  third  experiments.  As  will be  seen,  the 
actual level of sunshine for the 3 months was slightly higher than the 
normal November and February level or represented a  mid-fall and 
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Without  attempting  to  analyze  these  relations  in  detail,  it  may 
be pointed out that the occurrence of the most severe infection followed 
an abrupt and decided change in the prevailing level of sunshine and 
that, with the stabilization of the sunshine curve at a  slightly lower 
level,  the infection assumed a  milder form; there were irregularities 
in the progress of the disease, just as the hours of sunshine varied from 
week to week, but the final results for the second and third experiments 
were essentially the same.  These facts have a  direct bearing on the 
results obtained in other groups of animals and are of especial interest 
in connection with effects produced by constant exposure to artificial 
light. 
In attempting to arrive at a  conclusion concerning the significance 
of the results reported,  the distinctive features of the reaction dis- 
played by each group of animals should be viewed in relation to the 
nature of the experimental condition represented.  The variable factor 
in  the experiments was the light  environment.  Other factors were 
either constant or the variations that occurred were common to  the 
three groups of animals.  For reasons that have been explained, the 
conditions compared were extreme; with one group of animals, light 
was excluded so that if it were capable of influencing the reaction to 
infection, this influence would be completely eliminated.  The course 
of disease in  these animals was characterized first by uniformity or 
constancy with respect to both the incidence and the time of occurrence 
of successive reactions or lesions and second, by a  high incidence of 
generalized  syphilis  of  a  severe  character.  That  is,  the  infection 
pursued  a  uniform course  from inoculation  to  the  development of 
outspoken secondary syphilis with comparatively little restraint during 
the early stages of infection. 
A  second group of animals was provided with a  constant and con- 
tinuous  supply  of  artificial  light  of  high  intensity  with  a  view  to 
affording an opportunity for the development of any effect which the 
light might be capable of producing, free from any possible disturbing 
influence of periodic variation.  In this case, the severity of the disease 
diminished with successive experiments as the length of exposure to 
light increased.  There was an increased intensity of primary reactions 
with a  progressive delay and diminished frequency in the occurrence 
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lesions.  The picture presented suggested an accentuation of primary 
reactions with increased effectiveness and  consequent delay or pre- 
vention of other lesions--a  condition almost  diametrically opposed 
to that presented by the animals from which all light was excluded. 
It should be borne in mind, however, that placing the animals in 
darkened or artificially lighted rooms entailed a  change in the light 
environment to which they were accustomed.  This may have affected 
the results of the first experiment in particular and affords a possible 
explanation for the fact  that,  among the dark  animals,  the disease 
attained its maximum severity in the first experiment, was somewhat 
milder in the second, and again more severe in the third experiment. 
The condition represented by the control animals differed from that 
of  the  animals  receiving artificial  light in  three  essential  respects, 
namely, the character of the light, and the intensity and constancy of 
illumination.  The results obtained differed also with respect to the 
general character of the reaction to infection, the relative frequency 
of  occurrence  of  various  reactive  phenomena,  and  especially  with 
respect  to  the regularity in  the  evolution of  the  disease  from one 
experiment  to  another;  but,  the  final  results  showed  an  evident 
tendency in the same general direction. 
On the whole, it may be said that the results tended to conform to 
the nature of the experimental condition represented.  In the control 
animals,  the  reaction  to  infection  varied  in  accordance  with  the 
conditions under which the animals lived; the animals provided with 
artificial light showed a  progressive increase  in the efficiency of the 
reaction corresponding with the length of exposure to the light while 
among those in the dark there was a gradual lowering of the efficiency 
of the reaction to infection, if we measure efficiency in terms of pre- 
vention or delay in the development of successive manifestations of 
disease. 
It is obvious that  these effects are attributable  to  the conditions 
under which the animals lived rather than to any condition inherent 
in the material used for inoculation or to chance variation.  It is also 
evident that the course of disease in the three groups of animals may 
have been influenced in a common direction by a number of unknown 
factors, including the material inoculated and  there is  unmistakable 
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ever, can be accounted for only on the basis of differences in the light 
environment, the effect of which may have been accentuated or dimin- 
ished by the influence of other factors.  Moreover, it is apparent that 
the reaction of animals may be influenced by conditions to which they 
are exposed either before or after the initiation of the infection. 
The  mechanism concerned in  the  production of  these  effects  is 
unknown, but  since it  has  been  shown that  the light environment 
influences the physical constitution of normal rabbits (5) and that the 
organs most affected are organs that are concerned in the reaction to 
syphilitic  infection  (2,  8),  it  is  logical  to  assume  that  the  effects 
produced  in  this  case  represent  expressions  of  functional  activity 
which are closely related to changes in physical constitution. 
Finally, the greater efficiency of the reaction displayed by animals 
exposed to artificial light as compared with those living in darkness 
and  the  maintenance  of  a  better  physical  condition  speak  for  a 
beneficial influence of light which is supported by the results obtained 
in  control animals.  There  are,  however, no  grounds for  assuming 
that  the optimum effect was  attained by  the particular  conditions 
that were employed in these experiments. 
A  comparison of effects due  to  filtered sunlight and  to  artificial 
light per se cannot be made as the condition complex represented by 
one form of light was variable and uncontrolled while that of the other 
was constant.  The superiority shown by the artificial light may have 
been referable to the constancy of exposure rather than to differences 
in either the quality or the intensity of the light.  It is evident that 
changing conditions of light environment are a  disturbing factor and 
that in extreme cases the occurrence of such changes may completely 
counterbalance  any  beneficial  effects  of  the  light  itself;  but,  the 
relative importance of the several factors that determine the effects 
of light on the animal organism and the general scope of their action 
are  still uncertain. 
suMMARY. 
A  series of experiments was carried out for the purpose of deter- 
mining whether the  reaction of rabbits  inoculated with  Treponema 
pallidum might be influenced by their light environment.  The condi- 518  INFLUENCE  OF  LIGI~T IN  EXPERIMENTAL  SYPHILIS 
tions compared were (1) diffuse sunlight filtered through window glass 
and  subject  to  variations  due  to  natural  causes,  (2)  constant  and 
continuous exposure to artificial light with a wave-length of from 3022 
to 5790 .~mgstr6m units (Cooper Hewitt), and (3)complete exclusion 
of light. 
The results showed clearly that each of these conditions produced a 
distinctive effect and that the effect tended to conform to the nature 
of  the  environmental  condition.  In  general,  the  efficiency of  the 
reaction to infection increased with the amount of light received and 
with the constancy of the exposure. 
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